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Grid Technology 
Transforming Healthcare

Healthcare in the United States is a complex adaptive system. Individual 
rewards and aspirations drive behavior as each stakeholder interacts, 
self‐organizes, learns, reacts, and adapts to one another. Having such a 
system for health is not inherently bad if incentives are appropriately 
aligned. However, clinical care, public health, education and research 
practices have evolved into such a state that we are failing to 
systematically deliver measurable quality at acceptable cost. From a 
systems level perspective, integration, interoperability, and secured access 
to biomedical data on a national scale and its creative re-use to drive 
better understanding and decision-making are promising paths to 
transformation of healthcare from a broken system into a high 
performing one. This session will survey HealthGrid issues and projects 
across clinical care, public health, education and research with particular 
focus on transformative efforts enabled by high performance computing.



Grid Technology 
Transforming Healthcare
• Healthcare is a complex ecosystem under 

tremendous evolutionary pressure

• Federated infrastructure is critical to its 
survival

• High performance and distributed 
computing communities are playing a key 
role but more needs to be done



Healthcare	  Ecosystem	  Weakly	  Connected	  
This	  extends	  ideas	  of	  healthcare	  ecosystem	  by	  Denis	  Cortese	  (Mayo	  Clinic)	  and	  Patrick	  Soon-‐Shiong	  (NCHI)
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NON-CODING RNA GENES AND THE MODERN RNA WORLD
Sean R. Eddy
926 | DECEMBER 2001 | VOLUME 2 	
 www.nature.com/reviews/genetics

Jacob and Monod’s proposal for the nature of “regulatory genes”. Figure 6 in their 1961 paper

http://www.nature.com/reviews/genetics
http://www.nature.com/reviews/genetics


RNA regulation: a new genetics?
John S. Mattick 
316 | APRIL 2004 | VOLUME 5	
 www.nature.com/reviews/genetics
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316 | APRIL 2004 | VOLUME 5	
 www.nature.com/reviews/genetics





Estimation of the Warfarin Dose with Clinical and Pharmacogenetic Data
The International Warfarin Pharmacogenetics Consortium*
N Engl J Med 2009;360:753-64.

The investigators who performed the model- ing and analysis did not have access to this validation 
set until after the final model was selected. A wide variety of numerical modeling methods were used 
for the data from the derivation cohort, including, but not limited to, support vector regression, 
regression trees, model trees, multivariate adaptive regression splines, least-angle regression, and 
Lasso, in addition to ordinary linear regression. Logarithmic and square-root trans- formations of 
doses were tested, in addition to a direct prediction of dose. Further details of the statistical 
modeling approaches that were tested and the evaluation methods that were used for selecting the 
best model from the derivation cohort are described in Section 3 in Supplementary Appendix 1.
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Has tumor spread? 

What molecular subtype? 

What dose?

What schedule?

Surgery or Chemotherapy? 

What stage? 

Pre-operative
Chemotherapy?

In combination with
which drugs?

 Provider, Patient & Payor Faced 
With Bewildering Choices: 

The Current Practice of “Qualitative” Medicine

From Patrick Soon-Shiong, MD
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Innovation Gap Getting Wider: The Blockbuster Approach

From Patrick Soon-Shiong, MD





ARRA Highlights
• Stimulus package provides over $19 billion to 

support and promote the adoption of electronic 
health records (EHRs) for all Americans by 2014

•Health Information Technology for Economic and 
Clinical Health (HITECH) Act 

•New requirements, enforcement provisions, 
and penalties for covered entities, business 
associates, vendors, and others

•Codified the Office of the National Coordinator 
for Health Information Technology
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Important characteristics

We must integrate systems that may not 
have worked together before

 These are human systems, with differing 
goals, incentives, capabilities

All components are dynamic—change is the 
norm, not the exception

 Processes are evolving rapidly too
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Important characteristics

We must integrate systems that may not 
have worked together before

 These are human systems, with differing 
goals, incentives, capabilities

All components are dynamic—change is the 
norm, not the exception

 Processes are evolving rapidly too

We are not building 
something simple like a 

bridge or an airline 
reservation system
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Healthcare is a
complex adaptive system

   A complex adaptive system 
is a collection of individual 

agents that have the 
freedom to act in ways that 
are not always predictable 

and whose actions are 
interconnected such that 

one agent’s actions 
changes the context 

for other agents.

 Crossing the Quality Chasm, IOM, 
2001; pp 312-13
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Healthcare is a
complex adaptive system

   A complex adaptive system 
is a collection of individual 

agents that have the 
freedom to act in ways that 
are not always predictable 

and whose actions are 
interconnected such that 

one agent’s actions 
changes the context 

for other agents.

 Crossing the Quality Chasm, IOM, 
2001; pp 312-13

 Non-linear and dynamic
 Agents are independent 

and intelligent
 Goals and behaviors 

often in conflict
 Self-organization through 

adaptation and learning
 No single point(s) of control
 Hierarchical decomp-osition 

has limited value
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Ralph Stacey, Complexity and Creativity in Organizations, 1996
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22We call these groupings
virtual organizations (VOs)

    Healthcare = dynamic, 
overlapping VOs, linking
Patient – primary care
Sub-specialist – hospital
Pharmacy – laboratory
 Insurer – …

A set of individuals and/or institutions 
engaged in  the controlled sharing of 

resources in pursuit of a common goal   

   But U.S. health 
system is marked by 

fragmented  and 
inefficient VOs with 

insufficient 
mechanisms for 

controlled sharing

   I advocate … a model of virtual integration rather than 
true vertical integration … G. Halvorson, CEO Kaiser
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The Grid paradigm

1995             2000            2005            2010

 Principles and mechanisms for dynamic VOs
 Leverage service oriented architecture (SOA)
 Loose coupling of 

data and services
Open software,

architecture

Computer 
science

Physics

Astronomy

Engineering

Biology

Biomedicine

Healthcare



January, 2002 15 GlobusWORLD 2002

Hour Glass Model



Grid Characteristics
•Multi-organizational

•Securibility

•Flexible policy/sociability

•Extensibility

•Redundancy

•Robust in multiple industries/stability

•Needs no central ownership/managability, 
etc...



Globus Toolkit
Assortment of Components for Grid Builders

 Focus on Connectivity and Resource layers
GRAM, GSI-OpenSSH: Run programs
GridFTP: Access file systems
OGSA-DAI, caGrid: Access databases
GSI, Myproxy, GAARDS: Security
XIO, Java Core, C Core: Communication

A few simple Collective layer components
RLS: Replica tracking
RFT: Reliable file transfer



Hosted Federation Services

 Emerging from virtualization 
of machines, business 

models, flexible capacity

Evolving from virtualization 
of organizations, social 

models, flexible capabilities, 
security, open services...

Infrastructure on demand



28Globus



29www.opensciencegrid.org



30www.opensciencegrid.org











Courtesy of CDC, Tom Savel and Ken Hall





Iden*ty-‐based	  authZ
Most	  simple	  -‐	  not	  scalable

Unix	  Access	  Control	  Lists	  
(Discre*onary	  Access	  Control:	  DAC)

Groups,	  directories,	  simple	  admin

POSIX	  ACLs/MS-‐ACLs
Finer-‐grained	  admin	  policy

Role-‐based	  Access	  Control	  (RBAC)
Separa*on	  of	  role/group	  from	  rule	  admin

Mandatory	  Access	  Control	  (MAC)
Clearance,	  classifica*on,	  compartmentaliza*on

APribute-‐based	  Access	  Control	  (ABAC)
Generaliza*on	  of	  aPributes
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Data movement in clinical trials



Children’s	  Oncology	  Grid

39
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Semantic expressivity is generally 
problematic in biomedical data

Biomedical concepts are context dependent 
For billing data, ICD and CPT works
For quality/effectiveness/research more detail 
is required

 Encode data for semantic interoperability and 
re-use— or collect specific to context?
Physicians prefer free text
Biomedical researchers collect data in highly 
specific contexts -> tying data to standard 
vocabularies alone is insufficient and 
burdensome
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Integration:
Generally used approaches

Allow free text and lose interoperability
 Tightly encode data elements specific to 

purpose but lose expressivity/re-use and 
interoperability

 Post-hoc tying data elements to biomedical 
vocabularies

Constraining choices to concepts in 
biomedical vocabularies

Assemble raw data into warehouses
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Integration via mediation

Map between models
Scoped to domain use

 Multiple concurrent use

Bottom up mediation
 between standards and 

versions
 between local versions
 in absence of agreement

Query Reformulation

Query Optimization

Query Execution 
Engine

Wrapper

Query in the 
source schema

Wrapper

Query in union of exported
source schema

Distributed query 
execution

Global Data Model

(Levy 2000)
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Integration:
Making data usable and useful

?
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Analytics:
Transform data into knowledge

  “The overwhelming success 
of genetic and genomic 
research efforts has 
created an enormous 
backlog of data with the 
potential to improve the 
quality of patient care and 
cost effectiveness of treatment.”

— US Presidential Council of Advisors on Science and 
Technology, Personalized Medicine Themes, 2008
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Microarray clustering 
1. Query and retrieve 

microarray data from a 
caArray data service:
cagridnode.c2b2.columbia.edu:8080/
wsrf/services/cagrid/CaArrayScrub

l Normalize microarray 
data using GenePattern 
analytical service 
node255.broad.mit.edu:6060/wsrf/
services/cagrid/
PreprocessDatasetMAGEService

 

l Hierarchical clustering 
using geWorkbench 
analytical service: 

Workflow in/output

caGrid services

“Shim” servicesothers



The problem is understood

Health system is complex, adaptive system
    There is no single point(s) of control. System behaviors 

are often unpredictable and uncontrollable, and no one is 
“in charge.”      W Rouse, NAE Bridge

With diverse and evolving requirements and user 
communitities

… I advocate … a model of virtual integration rather than true 
vertical integration…. G. Halvorson, CEO Kaiser

Increased recognition that information systems 
and data understanding are limiting factor

… much of the promise associated with health IT requires 
high levels of adoption … and high levels of use of 
interoperable systems (in which information can be 
exchanged across unrelated systems) ….  RAND COMPARE



Healthcare Transformation

	
 Virtual organizations
	
 + hosted federation services
	
 + data integration
	
 + systems thinking and doing
	
 + large-scale computation
	
 + molecular medicine
	
 = healthcare transformation



Academic Medicine, Vol. 84, No. 7 / July 2009

“...the complementary but distinct roles 
of operational IT, research IT, computer 
science, and biomedical informatics”





Automatic Perceptual Colormap Generation

Silverstein JC, Parsad NM, Tsirline V. Automatic perceptual color map generation for 
realistic volume visualization. J Biomed Inform. 2008;41(6):927–935.

Grayscale  +  Realistic Color  =  Perceptual







Materials Science data collected at the 
Advanced Photon Source at Argonne



Cosmological simulation being performed on NICS Kraken using the parallel cosmology code Enzo. 
The simulation models the gas and gravitational dynamics of 68 billion particles and cells.

Science:
	
 Michael L. Norman, San Diego Supercomputer Center/University of California, San Diego
	
 Robert Harkness, San Diego Supercomputer Center/University of California, San Diego
	
 Pascal Paschos, San Diego Supercomputer Center/University of California, San Diego
	
 Rick Wagner, San Diego Supercomputer Center/University of California, San Diego

Visualization:
	
 Mark Hereld, Argonne National Laboratory
	
 Joseph A. Insley, Argonne National Laboratory
	
 Eric C. Olson, University of Chicago
	
 Michael E. Papka, Argonne National Laboratory


